(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: -fl1IO(S8700 A 

(43) Date of publication of application: 09 . 03 . 99 



(51) Int. Cl 



H04J 113/04 
H041B 7/08 



(21) Application number 09218559 

(22) Date of filing: 13 . 08 . 97 



(71) Applicant: 

(72) Inventor: 



NEC CORP 
ONO SHIGERU 



(54) SPREAD SPECTRUM COMMUNICATION SYSTEM an output terminal 600. 



(57) Abstract: 

PROBLEM TO BE SOLVED: To improve a reception 
characteristic using RAKE reception by enhancing 
channel estimate accuracy in a spread spectrum 
communication system. 

SOLUTION: A correlation device 110 applies inverse 
spread processing to a reception signal of a reception 
physical channel and an estimated physical channel 
according to a timing signal designated by a path 
control section 330 and provides an output of a part 
equivalent to a pilot symbol to a weighting coefficient 
estimate section 120, and a reception symbol equivalent 
to the reception physical channel to a weighting circuit 
130. The weighting coefficient estimate section 120 
estimates a channel corresponding to a path in charge of 
each finger. A conjugate complex number of the 
estimated weighting coefficient is multiplied with an 
input reception signal by the weighting circuit 130 and 
the product is outputted to a rake synthesis section 
400. The rake synthesizing section 400 adds weighted 
reception signals from each of finger sections 
200 r 200 8 in phase except a finger section that is 
outside of rake synthesis object designated by the path 
control section 330 and provides an output of the sum to 
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(54) SPREAD SPECTRUM COMMUNICATION SYSTEM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve a reception 
characteristic using RAKE reception by enhancing 
channel estimate accuracy In a spread spectrum 
communication system. 

SOLUTION: A correlation device 110 applies inverse 
spread processing to a reception signal of a reception 
physical channel and an estimated physical channel 
according to a timing signal designated by a path 
control section 330 and provides an output of a part 
equivalent to a pilot symbol to a weighting coefficient 
estimate section 120, and a reception symbol equivalent 
to the reception physical channel to a weighting circuit 
130. The weighting coefficient estimate section 120 
estimates a channel corresponding to a path in charge of 
each finger. A conjugate complex number of the 
estimated weighting coefficient is multiplied with an 
input reception signal by the weighting circuit 130 and 
the product is outputted to a rake synthesis section 
400. The rake synthesizing section 400 adds weighted 
reception signals from each of finger sections 
200 r 200 8 In phase except a finger section that is 
outside of rake synthesis object designated by the path 



control section 330 and provides an output of the sum to 
an output terminal 600. 
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(54) [Title of the Invention] Spread Spectrum Communication 
System 

(57) [Abstract] 

[Problem] To enhance channel estimation precision, and 

improve reception characteristics caused by RAKE reception in 
a spread spectrum communication system* 

[Means for Solving the Problems] A correlation device 

110 back-spreads a reception signal of a reception physical 
channel and a channel estimation physical channel by way of a 
timing signal specified by a pass control section 330, outputs 
a portion that corresponds to a pilot symbol to weight 
coefficient estimation sections 120! to 120 8 , and outputs a 
reception symbol that corresponds to the reception physical 
channel to a weighting circuit 130 <, The weight coefficient 
estimation section 120 carries out channel estimation that 
corresponds to a pass for which each finger is responsible* A 
conjugate complex of the estimated weight coefficient is 
multiplied for an input reception signal at the weighting 
circuit 130, and is outputted to a RAKE composition section 400* 
The RAKE composition section 400 phases and adds the weighted 
reception signal supplied from each of finger sections 200! to 
200 8 except a finger section that is not the subject of RAKE 
composition specified at the pass control section 330, and 
outputs the signal from an output terminal 600* 
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[Claims ] 

[Claim 1] A spread spectrum communication system having 

a predetermined pilot symbol for each physical channel, said 
system characterized in that , when channel estimation according 
to a reception physical channel is carried out, a plurality of 
physical channel pilot symbols are employed „ 
[Claim 2] A spread spectrum communication system having 

a predetermined pilot symbol for each physical channel, said 
system comprising? 

a plurality of finger sections; 

a RAKE composition section that phases and adds a 
weighted reception signal outputted from each finger section 
and outputs the signal; 

a delay profile computation section that computes a 
delay profile from a reception signal by employing a replica 
of a transmission signal that corresponds to a physical channel; 
and 

a pass control section that detects a peak output phase 
for providing a peak with its large correlation power from the 
delay profile, converts the peak output phase into a back spread 
timing of the reception physical channel and channel estimation 
physical channel, and then, outputs the converted timing to each 
finger section, characterized in which said each finger section 
includess a correlation device that back-spreads a reception 
signal of the reception physical channel and channel estimation 
physical channel by way of a back spread timing signal specified 
by the pass control section; a coefficient estimation section 
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that inputs a portion that corresponds to a pilot symbol of a 
respective one of the physical channel and channel estimation 
physical channel of the back-spread reception symbol, carries 
out channel estimation that corresponds to a pass for which the 
finger section is responsible, and estimates a weight 
coefficient for RAKE compos it ion °, and a weighting circuit that 
multiplies a conjugate complex of the estimated weight 
coefficient for the reception signal outputted from the 
correlation device, and outputs the multiplied complex to the 
RAKE composition section o 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Pertains] 

The present invention relates to a mobile communication 
network system* In particular, the present invention relates 
to a spread spectrum communication system in which a 
predetermined pilot symbol is time-multiplied for each physical 
channel . 
[0002] 

[Prior Art] A spread spectrum communication system has its 

excellent interference resistance and jamming resistance, and 
can achieve its high reception characteristics even under 
multi-pass environment o Thus, in recent years , its application 
to mobile communication is discussed „ In a spread spectrum 
communication system, because of its high spread frequency, a 
difference in multi-pass propagation paths can be discriminated, 
and a RAKE reception system is applicable o The RAKE reception 
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system is obtained as a technique for separating a multi-pass 
propagation path and estimating the propagation path 
characteristics of each pass, compensating for the respective 
propagation path characteristics for the reception signal of 
each pass, followed by phasing and composing it, thereby 
achieving a pass diversity effect. In the RAKE reception system, 
a portion for estimating channel characteristics of this 
multi-pass propagation path, and multiplying the conjugate 
complex of the estimated channel characteristics, thereby 
carrying out processing for offsetting the propagation path 
characteristics is referred to as a finger (Reference Is Andrew 
Jo Viterbi, CDMA-Principles of Spread Spectrum Communication, 
Addison-Wesley Publishing Company, p. 89, 1995) „ This finger 
includes a correlation section that back-spreads a spread 
spectrum code. Characteristics of channel estimation in a 
finger is very important in order to effectively carry out RAKE 
composition o In a system in which a predetermined pilot symbol 
for each physical channel is periodically inserted with 
predetermined slot intervals, there is proposed a method for 
estimating a channel or a reception SIR by employing a pilot 
symbol of the reception physical channel (for example, 
Reference 2 (Ando and Sawahashi, Space Diversity 
Characteristics of Channel Estimation RAKE According to a 
DS-CDMA Multi-Pilot Block" , Electronics & Information 
Communication Engineers Association General Convention, B-5-13 , 
1997); Reference 3 (Characteristics of Interpolation Type 
Synchronization Detection RAKE in DS/CDMA" , Electronics & 
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Information Communication Engineers Association Report , 
RCS94-98, pp. 57-62, 1994); or Reference 4 (Seo, Okumura, Doi, 
"Discussion of SIR Measurement Method in DS -CDMA Adaptive Power 
Control", Electronics & Information Communication Association, 
Communication Society Convention, B-330, 1996) o The systems 
of References 2 and 4 are characterized in that, when channel 
estimation of the slot is carried out, a pilot symbol of the 
adjacent slots is usedo On the other hand, the system of 
Reference 3 is characterized in that a feedback judgment 
technique is applied in order to improve the precision of channel 
estimation, and data included in the physical channel is 
employed o It should be noted that either of these methods 
basically employs only a pilot symbol inserted into the 
reception physical channel o 
[0003] 

[Problems to Be Solved by the Invention] However, in the above 
described prior art, only the reception signal belonging to the 
physical channel is employed, and thus, the improvement of 
characteristics channel estimation, consequently, of RAKE 
reception or SIR estimation is greatly limited . In an urban 
area, a space is surrounded by buildings, and thus, there are 
many multi-passes in a propagation path, and the frequencies 
of pass generation or elimination are high* Therefore, this 
technique has properties that a signal power to noise power ratio 
per pass (Eb/No) or a signal power to interference power ratio 
(Eb/Io) is small, and a noise suppression effect due to averaging 
of a time direction is small because of time change of the 
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propagation path*. Therefore , in the case where temporary 
judgment data is employed as in Reference 3 , the reception signal 
power to noise ratio is small. Thus, there is a problem that 
the precision of temporary judgment itself is impaired, and the 
improvement of characteristics itself is limited o In addition, 
as in References 2 and 4 , in the case where a symbol over a 
plurality of slots is used, a large number of slots cannot be 
obtained because of a time change of propagation 
characteristics o Thus, there is a problem that the improvement 
of precision is limited « 

[0004] It is an object of the present invention to provide a 
spread spectrum communication system that improves the 
precision of channel estimation and that improves reception 
characteristics due to RAKE reception „ 
[0005] 

[Means for Solving the Problems] In a spread spectrum 

communication system of the present invention, when channel 
estimation according to the reception physical channel is 
carried out, a plurality of physical channel pilot symbols are 
employed o 

[0006] Therefore, the precision of channel estimation is 
improved, the reception characteristics caused by RAKE 
reception are improved, and the precision of estimation of 
reception SIR or frequency offset is improved <, 
[0007] In addition, the spread spectrum communication system 
according to the present invention is directed to a spread 
spectrum communication system characterized by comprising s 
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a plurality of finger sections; 

a RAKE composition section that phases and adds a 
weighted reception signal outputted from each finger section 
and outputs the signal; 

a delay profile computation section that computes a 
delay profile from a reception signal by employing a replica 
of a transmission signal that corresponds to a physical channel; 
and 

a pass control section that detects a peak output phase 
for providing a peak with its large correlation power from the 
delay prof ile, converts the peak output phase into a back spread 
timing of the reception physical channel and channel estimation 
physical channel, and then, outputs the converted timing to each 
finger section, characterized in which said each finger section 
includes i a correlation device that back-spreads a reception 
signal of the reception physical channel and channel estimation 
physical channel by way of a back spread timing signal specified 
by the pass control section; a coefficient estimation section 
that inputs a portion that corresponds to a pilot symbol of a 
respective one of the physical channel and channel estimation 
physical channel of the back-spread reception symbol, carries 
out channel estimation that corresponds to a pass for which the 
finger section is responsible, and estimates a weight 
coefficient for RAKE composition; and a weighting circuit that 
multiplies a conjugate complex of the estimated weight 
coefficient for the reception signal outputted from the 
correlation device, and outputs the multiplied complex to the 
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RAKE composition section <> 
[0008] 

[Preferred Embodiments of the Invention] 

Next, the embodiments of the present invention will be 
described below in detail referring to the accompanying 
drawings <> 

[0009] Fig* 1 is a view showing a configuration of a spread 
spectrum communication system according to an embodiment of the 
present invention <, 

[0010] The spread spectrum communication system according to 
the present embodiment is composed of s an input terminal 100; 
eight fingers 200! to 200 8 ; a delay profile computation section 
310? a pass control section 330; a RAKE composition section 400; 
a channel assignment control section 500; and a demodulation 
output terminal 600 o Here, the number of fingers is provided 
as a mere example, which does not have any essential meaning 
for the present invention o In addition, in the present 
embodiment, although 1 is selected as the number of physical 
channels for channel estimation, this number does not mean an 
essential value as a mere example for the present invention o 
[0011] Finger sections 200! to 200 8 each have the same 
construction, each of which is composed of a correlation device 
110, a weight coefficient estimation section 120, and a 
weighting circuit 130 o 

[0012] From the input terminal 100, a reception signal received 
by an antenna is inputted o An input signal is obtained as I 
or Q two-dimensional signal in the case where information 
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modulation is QPSK« A reception signal supplied from a 
respective one of the input terminals is supplied to a 
correlation device 110 for back spread , the device being 
provided for a respective one of the finger sections 200 x to 
200 8 , and is supplied to a delay profile computation section 
310 o In the delay profile computation section 310, a delay 
profile is computed from a reception signal by employing a 
replica of a transmission signal that corresponds to a physical 
channel specified from a channel assignment control section 500 „ 
The delay profile is represented by a correlation power value 
between a transmission replica and a reception signal » A 
integral time for computing the delay profile or an interval 
for computing the delay profile is predetermined or is 
externally specified according to reception characteristics o 
This integral time has an advantageous effect of absorbing a 
momentous change in pass. The delay profile computed at the 
delay profile computation section 310 is outputted to a pass 
control section 330 in units of time according to the integral 
time« At the pass control section 33 0 , first, a peak output 
phase is detected in which N peaks (for example, W = 20) with 
its correlation power are provided from a delay profile . The 
peak phase detected at the pass control section 330 is converted 
into a phase of the physical channel specified for the reception 
physical channel and channel estimation by specification from 
the channel assignment control section 500, and then, the 
converted phase is outputted to the correlation device 110 of 
each of the finger sections 200 x to 200 8 o 
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[0013] An operation of each of the finger sections 200! to 200 8 
will be described below o The correlation device 110 back- 
spreads a reception signal of the reception physical channel 
and channel estimation physical channel by way of a back spread 
timing signal specified at the pass control section 330 „ At 
this time, the information on back-spread codes as well is 
specified by the channel assignment control section 500 o In 
addition, in the back-spread reception symbol, a portion 
falling into a pilot symbol of a respective one of the physical 
channel and channel estimation physical channel is outputted 
to the weight coefficient estimation section 120 according to 
items of frame synchronization information 510 and 52 0 
specified by the channel assignment control section 500, and 
a reception symbol corresponding to the physical channel is 
outputted to the weighting circuit 130* At the weight 
coefficient estimation 120, for example, by employing the 
methods of References 1 and 2, propagation path (channel) 
estimation corresponding to a pass for which the finger section 
is responsible is carried out, and a weight coefficient for RAKE 
composition is estimated „ That is, by employing a pilot symbol 
that is predetermined at the transmission/reception side, the 
reception symbol corresponding to the pilot symbol is back- 
spread by an expected value pilot symbol , and the simply averaged 
symbol is estimated as a weight coefficient o This weight 
coefficient is obtained as a complex vector of a complex vector 
transmission channel that represents characteristics of the 
propagation path. The complex vector of the estimated weight 
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coefficient is multiplied for an input reception signal at the 
weighting circuit 130, and the resultant signal is outputted 
to a RAKE composition section 400 „ The RAKE composition section 
400 phases and adds the weighted reception signals provided from 
each of the finger sections 200! to 200 8 , and outputs them from 
the output terminal 600 <, 

[0014] In the above description, although there is provided 
a construction in which a plurality of physical channels are 
back spread for each finger, this construction is not 
indispensable for the present invention o There can be provided 
a construction in which channel estimation is carried out for 
a plurality of physical channels of only a finger that 
corresponds to a phase in which a peak level is low in the 
correlation peaks searched at the pass control section 330 „ 
[0015] 

[Advantageous Results of the Invention] 

As described above, according to the present invention, 
channel estimation for RAKE composition is carried out by using 
a pilot symbol in a control channel or other user's physical 
channel as well as the reception physical channel, whereby the 
number of pilot symbols due to channel estimation can be 
equivalently increased. Thus, there is provided an 
advantageous effect that the precision of channel estimation 
and reception characteristics due to RAKE reception are 
improved o In particular, according to the present invention, 
even in the case where the signal power to noise power ratio 
per pass is low, there is provided an advantageous effect that 
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the precision of channel estimation can be improved without 
error degradation caused by temporary judgment data or a 
processing delay due to averaging of a plurality of slots. 
[Brief Description of the Drawings] 

Fig» 1 is a block diagram depicting one embodiment of 
the present invention* 
[Reference Numerals] 
100 Input terminal 
110 Correlation device 

12 0 Weight coefficient estimation section 

130 Weighting circuit 

200 x to 200 8 Finger sections 

310 Delay profile computation section 

330 Pass control section 

4 00 PAKE composition section 

500 Channel assignment control section 

510 Control signal supplied from channel assignment section 
500 to finger 200! 

520 Control signal supplied from channel assignment section 

500 to finger 200 8 

600 Demodulation output terminal 
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FIG, 1 

100 INPUT TERMINAL 

110 CORRELATION DEVICE 

120 WEIGHT COEFFICIENT ESTIMATION SECTION 

130 WEIGHTING CIRCUIT 

200! FINGER SECTION 

200 8 FINGER SECTIONS 

310 DELAY PROFILE COMPUTATION SECTION 

330 PASS CONTROL SECTION 

400 RAKE COMPOSITION SECTION 

500 CHANNEL ASSIGNMENT CONTROL SECTION 

600 DEMODULATION OUTPUT TERMINAL 
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